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(57) ABSTRACT 

A method for frame and frequency synchronization of an 
OFDM signal and a signal for transmitting an OFDM signal 
is described, the purpose of Which is to impress a pilot phase 
pro?le that is then used at the receiving end for frame and 
frequency synchronization on pilots Which are already con 
tained in the OFDM signal for channel estimation. This has 
the advantage that no additional transmission capacity has to 
be used for the synchronization. The method according to 
the present invention is initiated by a rough time synchro 
nization unit connected upline, Which searches for the begin 
ning of the guard interval in the OFDM signal. The com 
parison between a stored pilot phase pro?le and the received 
subcarrier symbol is performed using a cross-correlation, 
Whose result is then evaluated to determine the frame and 
frequency synchronization. 
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METHOD FOR FRAME AND FREQUENCY 
SYNCHRONIZATION OF AN OFDM SIGNAL 
AND METHOD FOR TRANSMITTING AN 

OFDM SIGNAL 

FIELD OF THE INVENTION 

The present invention is directed to a method for frame 
and frequency synchronization of an OFDM signal and a 
method for transmitting an OFDM signal. 

BACKGROUND INFORMATION 

Within the framework of a WorldWide consortium 
(DRMiDigital Radio Mondiale), a neW digital radio trans 
mission standard is being developed for the frequency range 
beloW 30 MHZ. The multi-carrier method OFDM (orthogo 
nal frequency division multiplexing) is to be used here as the 
modulation method (more precisely, a coherent OFDM 
transmission method is to be used). The OFDM signal is 
made up of OFDM symbols, each of Which in turn contains 
subcarrier symbols. Subcarrier symbols prede?ned at the 
transmission end are designed as pilots, so that they may be 
used to enable channel estimation at the receiving end. The 
pilots are distributed among the subcarriers in the direction 
of time and frequency. 

SUMMARY OF THE INVENTION 

The method according to the present invention for frame 
and frequency synchronization of an OFDM signal and the 
method for transmitting an OFDM signal have the advantage 
that the pilots, Which are already present anyWay, are noW 
also used on the receiving end for frame and frequency 
synchronization, by having a pilot phase pro?le that is 
unique Within a frame impressed on the pilots at the trans 
mission end. Each OFDM symbol of a frame is then 
distinguishable by its pilot phase pro?le. In that Way the 
pilots are utilized for an additional purpose, and no addi 
tional transmission capacity needs to be provided for the 
frequency and frame synchronization. 

In addition, the method according to the present invention 
for frame and frequency synchronization is distinguished by 
great robustness in the face of poor propagation and recep 
tion conditions. This may be increased by the use of a 
plurality of (different) pilot phase pro?les of a transmission 
frame. It is also possible according to the present invention 
to perform the frequency and frame synchronization already 
Within a transmission frame. This is because in the case of 
DRM (Digital Radio Mondiale) the OFDM symbols are 
distributed Within the transmission frame. 

In addition, it is advantageous that a larger capture range 
for a rough frequency estimate may be achieved by utilizing 
the distributed pilots. Using the pilot phase metrics, it is 
possible to clearly detect a frequency offset of more than half 
the signal bandWidth. Pilot phase metrics is used beloW to 
designate a calculation rule using Which the pilot phase 
pro?le is compared at the receiving end With the received 
subcarriers or subcarrier symbols. The terms subcarriers and 
subcarrier symbols are used beloW as synonyms. 

It is also advantageous that the received subcarrier sym 
bols are compared With a stored pilot phase pro?le only 
doWnstream from an OFDM demodulater (DFT unit), since 
in this Way a large number of pilot subcarriers Whose main 
task is channel estimation may be used for synchronization 
purposes. For this reason the OFDM demodulation WindoW 
must ?rst be correctly placed, that is, a rough time synchro 
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2 
nization must be carried out. To achieve a rough time 
synchronization, it is advantageous to search by means of 
autocorrelation for the guard interval in the received OFDM 
signal. The same method may also be used to achieve an 
estimate of a ?ne frequency offset. For a correct demodu 
lation of the useful data, hoWever, it is also necessary to 
determine the rough frequency offset, i.e., the integral mul 
tiple subcarrier frequency spacing. This is accomplished 
With the method according to the present invention. 

It is advantageous that the comparison of the pilot phase 
pro?le having the subcarrier symbols Which is split off at the 
receiving end is performed by using a cross-correlation, and 
the result of the cross-correlation is evaluated to determine 
the frame and frequency synchronization. The evaluation 
may be performed for example using a main to secondary 
peak ratio or a merit factor. 

It is also advantageous that the pilot phase pro?le needed 
for the frame and frequency synchronization is determined 
by a pseudo-random series or a deterministic function. This 
function, like the pseudo -random series, is then knoWn to the 
transmitting and receiving ends. 

It is also advantageous that the pilots are distributed 
uniformly in an OFDM symbol, so as to achieve great 
robustness and optimal placement of the pilots for channel 
estimation. 
A further advantage is the great robustness of the frame 

and frequency synchronization method in the face of noise 
interference. This robustness is achieved by using a large 
number of pilot subcarriers When calculating the pilot phase 
metrics. 

Finally, it is also advantageous that a transmitter and a 
receiver are available to carry out the method according to 
the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a schematic block diagram of the complete 
transmission system. 

FIG. 2 shoWs a schematic block diagram for the pilot 
phase metrics. 

FIG. 3 shoWs a How chart of the method according to the 
present invention for transmitting the OFDM signal. 

FIG. 4 shoWs a distribution of pilots in an OFDM symbol. 
FIG. 5 shoWs an instance of pilot phase metrics for 

various OFDM symbols. 
FIG. 6 shoWs main to secondary peak ratio values for a 

plurality of DRM frames. 

DETAILED DESCRIPTION 

Due to the dif?cult Wave propagation conditions, espe 
cially With shor‘tWave, great robustness must be demanded 
of the synchronization algorithms used. Determining and 
compensating for the frequency offset and locating the start 
of the frame are necessary conditions for ensuring the 
receipt of digital radio programs. Because of the narroW 
channel bandWidth and the associated loW data rate, it is not 
possible to use a complete OFDM pilot symbol for synchro 
nization purposes. Another requisite for correct demodula 
tion of the useful data is an up-to-date channel estimation of 
the transmission channel. 

According to the present invention, a pilot phase pro?le is 
thus impressed at the transmission end, so that frame and 
frequency synchronization is possible at the receiving end. 
Utilization of the method according to the present invention 
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is of special interest for digital amplitude modulation (AM 
radio transmission), since the net bit rate is comparatively 
loW in these applications. 

FIG. 1 shoWs a schematic circuit diagram of the complete 
transmission system. An audio encoder 1, supplementary 
data 2 and control data 3 are present as data sources. They 
undergo encoding by encoders 4, 5 and 6 respectively. The 
audio and supplementary data thus encoded are then time 
scrambled (interleaved) in blocks 8 and 7. A multiplexer 9 
then joins the audio data, the supplementary data and the 
control data together into one data stream, Which undergoes 
frequency interleaving in block 10 and an inverse discrete 
Fourier transformation in block 11. That produces OFDM 
modulation. Block 11 is therefore also referred to as the 
OFDM modulator. In OFDM modulator 11 the pilots having 
the pilot phase pro?le are added from a memory 30. In block 
12 the OFDM signal thus produced is converted to an analog 
signal. In Block 13 transmission ampli?cation and emission 
of the radio signals using an antenna take place. 

The OFDM signal then reaches a receiver via a radio 
channel in a block 15, Which has an antenna and a high 
frequency receiver. The received signals then undergo digi 
tiZation in analog-digital converter 16. The samples thus 
obtained are noW subjected in block 17 to a fast Fourier 

transformation (OFDM demodulation). The synchronization 
according to the present invention is also implemented here 
by block 18. In block 19 the control information contained 
in the data is decoded, While the descrambling, i.e., the 
de-interleaving of the audio and supplementary data, takes 
place simultaneously in block 20. Here too the program 
selection from the data stream is performed, i.e., for example 
Which radio program is tuned in by the user. The selected 
data is decoded by a block 21, in order to perform audio 
decoding in block 22, so that at the output of audio decoder 
22 audio data are present, Which can be reproduced using a 
loudspeaker and an audio ampli?er. 

Pilots are added to the data to be transmitted in OFDM 
modulator 11. These pilots are used for channel estimation 
of transmission channel 14. In addition, a phase pro?le is 
noW impressed on these pilots. This is referred to beloW as 
the pilot phase pro?le. The pilot phase pro?le is then used on 
the receiving end in block 18 for frame and frequency 
synchronization. 

FIG. 4 shoWs a distribution of the pilot symbols in the 
direction of frequency and time, the pilots being identi?ed 
With 0. With the use of coherent OFDM systems, such as are 
to be utiliZed for DRM, channel estimation With the use of 
pilot subcarrier symbols is necessary, since an equaliZation 
and a correct demodulation must be carried out. Through 
uniform distribution of the pilot subcarriers in the direction 
of frequency and time, good channel estimation is achieved. 
The data subcarriers are represented With a dot in FIG. 4. In 
general, it is not necessary in regard to reliable channel 
estimation to transmit a pilot symbol on every subcarrier, 
since transmission channel 14 changes With only a ?nite 
speed. Channel estimation for the subcarriers lying betWeen 
tWo pilots is therefore achieved by interpolation. 

For the quality of channel estimation, it is irrelevant What 
phases the pilot symbols have. Care should merely be taken 
to ensure that the crest factor of a multi-tone signal gener 
ated by pilot symbols is loW. To keep the crest factor of a 
multi-tone signal loW, the folloWing simple phase laW may 
be used (Equation 1). For the kth pilot subcarrier in the lth 
OFDM symbol, We may accordingly Write 
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Where p(l,k): index of a pilot subcarrier in the lth OFDM 
symbol of a frame 

NO: integral number. 
It must be kept in mind that the phase of the pilot 

subcarriers depends only on the subcarrier index p(l,k) in 
Equation 1. If one adds an additional phase rotation (PRND 
(l,k), Which is a function of the subcarrier index and the 
OFDM symbol, Equation 2 results 

lr-p(l,k)2 Equation 2 

The phase ¢RND(l,k) here is a pseudo-random additional 
phase rotation. The value of the additional phase rotation is 
a function of the subcarrier index k and the OFDM symbol 
number 1. The additional phase rotations may be stored in a 
phase matrix. 

¢RND | N FRAME X N CARRIERS = 

SORNDU, 2) SORNDU, NCARRIERS) 
SORNDQ, 2) 

SORNDU, 1) 
SORNDQ, 1) SORNDQ, NCARRIERS) 

SORNDUVFRAMEa 1) ' SORNDWFRAME, NCARRIERS) 

Where NFRAME: number of OFDM symbols Within a frame 
NCARRIERS: number of OFDM subcarriers 
The individual elements ¢RND(1,1<) here may come ideally 

from a pseudo-noise series. That achieves the greatest pos 
sible variation betWeen the pilot phases of various OFDM 
symbols. Also conceivable is the use of a simpler phase laW, 
as described in Equation 3. 

Where p(l,k) is {k for k:kl+ixy; else 0}. 
An additional alternative is the use of a phase laW 

according to Equation 4: 

some p(l. k» = some k, + ixy) = Equation 4 

In Equation 4 the symbols have the folloWing meanings: 
x: frequency sub-sampling factor 
y: time sub-sampling factor 
TG: guard interval 
TU: usable symbol duration 
TS: OFDM symbol duration; TSITG+TU 
k1: index of the ?rst pilot subcarrier in the lth OFDM symbol 
p(l,k): index of a pilot subcarrier in the lth OFDM symbol 

of a frame; p(l,k):kl+ixy 
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PO: constant 
i: index 
arg{Z(l,kZ)}: phase of the ?rst pilot subcarrier in the lth 
OFDM symbol (:star‘t phase for deterministic calculation 
of the other pilot subcarrier phases). 
The phase values arg{Z(l,kZ} are chosen as elements of a 

pseudo-noise series. 
It is important that, by adding an additional phase rota 

tion, a pilot phase pro?le that is unique Within the transmis 
sion frame is produced. The exact calculation rule for 
determining the pilot phase pro?le plays a subordinate role 
for the proposed synchronization algorithm. If one Wishes to 
perform a frame synchronization With the algorithm 
described beloW, then ¢RND(1,1<) must be a proper function of 
l and k. If one chooses instead ¢RND(l,k):f(l) or ¢RND(l,k) 
:f(l)+f(s), it is only possible to determine the rough fre 
quency offset with the algorithm described beloW. For a 
frame synchronization from the distributed pilot arrange 
ment, the pilot phases of various OFDM symbols must be 
su?iciently different, orito express it in mathematical 
termsi¢RND(l,k):f(l,k) must therefore be a proper function 
of subcarrier index k and OFDM symbol number 1. Also 
important is that q) RND(1,1<):¢ RND(l+NFR A ME,k) apply. In 
general, the more “randomly” the pilot phases are chosen, 
the more possibilities open up for a synchronization algo 
rithm. 

The folloWing explanation shoWs hoW a unique pilot 
phase pro?le may be used both for frame synchronization 
and to determine the rough frequency offset in a coherent 
OFDM system. Additional redundancy to the frame syn 
chronization is avoided by this procedure. 

Before the proposed synchronization algorithm may be 
used, a rough time synchronization must be performed to 
place the DFT (demodulation) WindoW. A rough time syn 
chronization may be achieved by calculating the correlation 
of parts of the guard interval With the corresponding seg 
ment at the end of the usable OFDM symbol. It is knoWn that 
it is also possible to determine, using the same procedure, an 
estimate of the ?ne frequency offset (10.5 l/TU). NoW still 
unknown, but indispensable for correct demodulation of the 
useful data, is the detection of the rough frequency o?fset 
(Whole number multiple of the subcarrier frequency spacing 
l/TU) and of the start of the frame. These may be determined 
using the folloWing method. 

The starting point for determining the rough frequency 
offset and the start of the frame is the calculation of a 
cross-correlation betWeen the received subcarrier symbols 
R(l,k) With the pilot phase series W(l,p(l,k)). The calculation 
rule according to Equation 5 is referred to beloW as pilot 
phase metrics. Prerequisite for using the pilot phase metrics 
is that the beginning of the OFDM demodulation WindoWs 
lies Within the inter-symbol-interference-free (ISI-free) 
range of the guard interval. 

A (l, PU, k), 5, i) = Equation 5 

In equation 5 the symbols have the folloWing meanings: 
l: OFDM symbol number Within a frame 
p(l,k): index of a pilot subcarrier in the lth OFDM symbol 

of a frame 
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6 
i: trial position for determining the rough frequency offset 

(index i runs in the frequency direction) 
s: trial position for determining the frame start symbol 

(index s runs in the time direction) 
ABS: absolute value 

R(l,k): kth subcarrier symbol in the lth OFDM symbol. 
Equation 5 then furnishes a maximum value When the 

pilot phase series W(l,p(l,k)) agrees With the received sub 
carrier series R(s,p(l,k)+i). In all other cases the pilot phase 
metrics assume a small value When a pseudo-noise phase 
pro?le is used, due to the pseudo-noise character of the 
phase series. FIG. 5 illustrates this situation. To determine 
the rough frequency offset, Equation 5 must be calculated 
for several trial positions i. 

If a deterministic pilot phase pro?le according to Equation 
3 or Equation 4 is used instead, the pilot phase metrics 
become periodic With the pilot interval. In this case it is only 
possible to determine the start of the frame using Equation 
5. The capture range for determining the rough frequency 
offset is restricted by the interval of the pilot subcarrier xy. 

If even an exact time synchronization is knoWn, Equation 
6 may then be used as an alternative to locate the rough 
frequency offset and the start of the frame. In comparison to 
Equation 5, here the cross-correlation betWeen the pilot 
phase series W(l,p(l,k)) and the received subcarrier symbols 
is calculated directly. 

A (1. p0. k). s. i) = ABS? WW, p0. k» - Rm p0. k) + i) Equation 6 
k 

Using Equation 6, a clear determination of the rough 
frequency offset is possible, With either a pseudo-noise 
phase pro?le or a deterministic phase pro?le according to 
Equation 3 or Equation 4. 

To achieve a frame synchronization one may either cor 
relate the received subcarrier symbols With all possible pilot 
phase series of a frame, or else one may correlate one pilot 
phase series With all received subcarrier symbols. 

To improve the results of the estimation, one may not 
search only for one particular pilot phase pro?le W(l,p(l,k)), 
but for several at the same time, because according to 
Equation 3, the pilot phase pro?le for each OFDM symbol 
of a frame is unique. Mathematically, this means averaging 
the metrics results A(l,p(l,k),s,i) from Equation 5: 

M. i) = Z A (1. p0. k). s. i) 
Equation 7 

Where 

nb: number of OFDM symbols averaged together (1 . . . 

NFRAME) 
Various measures of correlation quality may be de?ned to 

judge the matrix elements X(s,iS), for example the HAW, 
Which gives the ratio of the main peak A(s,iS) at position is 
of the pilot phase metrics to the numerically largest second 
ary peak. The HNV must be calculated for all possible 
positions of the start of the frame (that is, a total of NFRAME 
times). 
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HNV( A. ) 7 (S, lA-S) Equation 8 
5,1; : 

mm (s. i>}| iii; 

FIG. 6 shows the HNV values for four DRM frames. The 
start-of-frame symbol is clearly recognizable in each case. A 
maximum detection of HNV furnishes: 

Hzvvmax(sm, im) = max{HNV(s, 1)} Equation 9 
S 

The indices smax and imax in Equation 9 of the maximum 
HNV indicate the position of the start-of-frame symbol and 
the rough frequency offset. Similarly to the HNV the merit 
factor (MF) may also be used as a measure of correlation 
quality. The merit factor describes the ratio of the energy of 
the main value of the pilot phase metrics A2(s,iS) to the entire 
energy contained in the secondary values. The evaluation 
algorithm for the frame and frequency synchronization is 
then: 

Equation 10 

A maximum detection of ME ?irnishes: 

MFmax(Smax, im) = mSax{MF(s, 1)} Equation 11 

Here too, the indices smax and imax of the maximum MF 
indicate the start-of-frame symbol or the rough frequency 
offset. The maximum capture range of the pilot phase 
metrics is determined by the number of pilot subcarrier 
symbols present in the evaluation range. When pilot arrange 
ments according to FIG. 4 are used, the capture range may 
be more than half a DFT length. 

FIG. 2 noW shoWs as a schematic circuit diagram the 
method according to the present invention that takes place in 
the receiver. The sampled values of reception signal r that 
have been obtained by analog-digital converter 16 are fed to 
a time synchronization unit 27 and an OFDM demodulator 
(:DFT unit) 28. Time synchronization unit 27 performs a 
rough time synchronization on the basis of the guard interval 
contained in the received signal. More precisely, the begin 
ning of the guard interval and hence the beginning of an 
OFDM symbol is sought by calculating an autocorrection. 

The data R(l,k) demodulated With OFDM demodulator 28 
are then routed to a calculation of the pilot phase metrics in 
a processor 29. The resulting value A is sent to an averager 
of a speci?ed number of OFDM symbols, in order to 
calculate a mean for A. This is also carried out in processor 
29. This correlation value A is then evaluated either With a 
main to secondary peak ratio or With a merit factor as shoWn 
above, this evaluation also being performed in processor 29. 

The indices of the maximum value of the measure of 
correlation quality thus calculated give the position of the 
start-of-frame symbol and the rough frequency offset. In 
other Words, the result at the output of processor 29 is the 
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8 
frequency offset in integral multiples of the subcarrier 
frequency interval, and the start-of-frame symbol is found in 
the detection of the maximum value. The receiver thus 
searches through the received subcarrier symbols value by 
value With a stored pilot phase pro?le. If a maximum 
possible agreement betWeen the stored pilot phase pro?le 
and the received pilot phase pro?le is reached, the start of the 
frame has then been found and the rough frequency offset 
detected. 

FIG. 3 shoWs in the form of a How chart the method 
according to the present invention that takes place in the 
transmitter. In a ?rst method step 23 the pilots and the useful 
symbols to be transmitted are mapped to an OFDM symbol. 
At the same time, the unique phase pro?le is impressed on 
the pilots (method step 24). The resulting OFDM symbol is 
then fed to OFDM modulator 10 and 11 (method step 25), 
in order to generate an OFDM signal. In addition, a guard 
interval is also added in the OFDM signal. In block 13 the 
OFDM signal is transmitted (method step 26). 
What is claimed is: 
1. A method for a frame and frequency synchronization of 

an OFDM (orthogonal frequency division multiplexing) 
signal, the OFDM signal being used to receive an OFDM 
symbol, each of Which has a pilot symbol as a subcarrier 
symbol, the method comprising: 

adding an additional phase rotation to the pilot symbol; 
transmitting the pilot symbol including the additional 

phase rotation; 
performing a comparison of the subcarrier symbol With at 

least one pilot phase pro?le that is stored; and 
performing the frame and frequency synchronization of 

the OFDM signal as a function of the comparison; 
Wherein the pilot phase pro?le is unique to each different 
OFDM symbol. 

2. Amethod for transmitting an OFDM signal, the OFDM 
signal being used to transmit an OFDM symbol having a 
subcarrier symbol, comprising: 

appending a guard interval to the OFDM symbol; 
transmitting the subcarrier symbol as at least one pilot; 

and 
impressing an additional phase rotation phase on the at 

least one pilot prior to transmitting, so that at least one 
pilot phase pro?le results, the transmitted at least one 
pilot including the impressed additional phase rotation 
phase; 

Wherein the pilot phase pro?le is unique to each different 
OFDM symbol. 

3. The method as recited in claim 1, Wherein: 
a unique pilot phase pro?le is produced by adding the 

additional phase rotation to the pilot symbol in a 
transmission frame. 

4. The method as recited in claim 1, further comprising: 
prior to the comparison of the subcarrier symbol With the 

at least one pilot phase pro?le, performing a rough time 
synchronization by searching for a guard interval in the 
OFDM signal. 

5. The method as recited in claim 1, Wherein: 
the comparison is performed using a cross-correlation, 

and 
the cross-correlation is then evaluated to determine the 

frame and frequency synchronization. 
6. A method for a frame and frequency synchronization of 

an OFDM (orthogonal frequency division multiplexing) 
signal, the OFDM signal being used to receive an OFDM 
symbol, each of Which has a pilot symbol as a subcarrier 
symbol, the method comprising: 
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adding an additional phase rotation to the pilot symbol; 
performing a comparison of the subcarrier symbol With at 

least one pilot phase pro?le that is stored; and 
performing the frame and frequency synchronization of 

the OFDM signal as a function of the comparison; 
Wherein: 

the comparison is performed according to the folloWing 
equation: 

7. The method as recited in claim 2, Wherein: 

the at least one pilot phase pro?le is determined by one of 
an equation and a pseudo-random series. 

8. A method for transmitting an OFDM signal, the OFDM 
signal being used to transmit an OFDM symbol having a 
subcarrier symbol, comprising: 

appending a guard interval to the OFDM symbol; 
transmitting the subcarrier symbol as at least one pilot; 

and 
impressing an additional phase rotation phase on the at 

least one pilot prior to transmitting, so that at least one 
pilot phase pro?le results; 

Wherein: 
the at least one pilot phase pro?le is determined by the 

folloWing equation: 

9. A method for transmitting an OFDM signal, the OFDM 
signal being used to transmit an OFDM symbol having a 
subcarrier symbol, comprising: 

appending a guard interval to the OFDM symbol; 
transmitting the subcarrier symbol as at least one pilot; 

and 
impressing an additional phase rotation phase on the at 

least one pilot prior to transmitting, so that at least one 
pilot phase pro?le results; 
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Wherein: 
the at least one pilot phase pro?le is determined by the 

folloWing equation: 

SORNDU, PU, IO) = 

10. The method as recited in claim 2, Wherein: 
the at least one pilot is distributed uniformly in an OFDM 

symbol. 
11. The method as recited in claim 5, Wherein: 

15 a main to secondary peak ratio is used to evaluate the 
cross-correlation. 

12. The method as recited in claim 5, Wherein: 
a merit factor is used to evaluate the cross-correlation. 
13. A transmitter, comprising: 
a memory containing a pilot phase pro?le; 
an OFDM modulator; 
an antenna that radiates an OFDM signal; and 
a device for feeding at least one pilot With the pilot phase 

pro?le, an additional phase rotation being added to the 
pilot by the pilot phase pro?le; 

Wherein the pilot phase pro?le adding the additional phase 
rotation: 
includes a set of at least one element that results after 

(a) discarding data carriers of an OFDM symbol of 
the OFDM signal and (b) taking arguments of 
remaining pilot subcarriers; and 

is unique to each different OFDM symbol. 
14. A receiver for receiving an OFDM symbol of an 

OFDM signal, the OFDM symbol including a pilot symbol 
35 as a subcarrier symbol, comprising: 

a ?rst time synchronization unit for performing a rough 
time synchronization; 

an OFDM demodulator; and 
a processor including a memory for: 

performing a comparison betWeen the received subcar 
rier symbol and a stored pilot phase pro?le, the 
received subcarrier symbol including an additional 
phase rotation added prior to transmission; and 

performing a frame and frequency synchronization of 
the OFDM signal as a function of the comparison; 

Wherein the pilot phase pro?le is unique to each different 
OFDM symbol. 
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